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(54) A PROCESS FOR THE PRODUCTION OF ALKENES 



(71) We, SHELL INTERNATION- 
ALE RESEARCH MAATSCHAPPIJ B.V., 
a company organized under the laws of the 
Netherlands, of 30 Carel van Bylandtlaan, 
5 The Hague, The Netherlands, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 

10 ment: — 

The present invention is concerned with a 
process for the production of an alkene with 
at least 6 carbon atoms per molecule or a 
mixture of such alkenes starting from a mix- 

15 ture of predominantly non-terminal alkenes. 

In US Patent Specification No. 3,726,938 
an integrated process for the production of 
alkenes is described in which a disproportiona- 
tion step is involved, preceded by an oligo- 

20 merization and an isomerization step. The 
feed to the disproportionation zone predomin- 
antly consists of non-terminal olefins. It is 
mentioned that the effluent from the dispropor- 
tionation zone is separated into a lower olefin 

25 fraction, an .intermediate olefin fraction, which 
is recovered as produa, and a higher olefin 
fraction. The lower and the higher olefin frac- 
tions may be recycled to upstream sections 
of the process, e.g. to the oligomerization and/ 

30 or the isomerization zone. 

It has now been found that it is often 
advantageous instead of isolating the desired 
alkene(s) directly from the effluent of the dis- 
proportionation zone to subject said effluent 

35 to isomerization followed by a further dispro- 
portionation in the presence of one or more 
non-terminal alkenes with a larger number of 
carbon atoms than said desired alkene(s). 
Without the necessity of installing extensive 
40 and costly extra separation equipment, in par- 
ticular extra distillation columns, and without 
having to recycle large streams of non-con- 
verted or unwanted alkenes, the yield in which 
the desired alkene (s) is (are) obtained is 
45 usually increased significantly. 

According to the present invention there is 
provided a process for the production of an 
alkene with at least 6 carbon atoms per mole- 



cule or a mixture of such alkenes, which com- 
prises (1) catalytically disproportionating a 
mixture of predominandy non-terminal alkenes 
which mixture includes a major proportion of 
an alkene or alkenes having a larger number 
of carbon atoms than die alkcne(s) to be 
produced and, optionally, an alkene or alkenes 
having a smaller number of carbon atoms tfian 
said alkene or alkenes, (2) isomerising at least 
part of the resulting disproportionation product, 
which part of said produa contains an alkene 
or alkenes with die same number of carbon 
atoms as die alkene widi at least 6 carbon 
atoms per molecule or mixture diereof to be 
produced, (3) catalytically disproportionating 
at least part of die resulting isomerisation 
product together with at least one non-terminal 
alkene with a larger number of carbon atoms 
than the alkene with at least 6 carbon atoms 
per molecule or mixture thereof to be pro- 
duced, said at least one non-terminal alkene 
being added to said isomerisation produa and/ 
or being present therein as a result of being 
present in die disproportionation product of 
stage (1), and (4) removing die desired alkene 
or alkene mixture from the produa of stage 
(3). 

If desired, any aUcene(s) havmg a smaller 
number of carbon atoms than die alkene with 
at least 6 carbon atoms per molecule or mix- 
ture thereof to be produced which may be 
present in said isomerisation produa are re- 
moved dierefrom prior to die disproportiona- 
tion thereof in stage (3). 

The mixtures of predominandy non- terminal 
alkenes have a content of internal alkenes which 
is at least 50% and preferably at least 70%. 
Recommended feedstocks contain at most 15% 
and preferably less dian 10%, of a-olefins. 
They may, inter alia, be obtained by dehydro- 
genadon of the corresponding alkanes. A very 
suitable starting material is a mixture of pre- 
dominandy non-terminal alkenes with 4 to 60 
carbon atoms per molecule, although nuxtures 
containing still higher alkenes e.g. up to C^o- 
alkenes, are suitable. It is considered desirable 
that the double-bonds arc present at particular 
intemal locations in the initial alkenes. De- 
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pending on the number of carbon atoms of 
the alkene the preferred location of the double 
bond can be found at any internal position in 
the moiecule. Favourable feedstocks in this 
5 respect can be convenientiy obtained, for in- 
stance, by oligomerization of ethylene, fol- 
lowed by double-bond isomerization of the 
oligomerization product, or a fraction thereof. 
The oligomerization can suitably be performed 

10 according to one of the methods known in the 
art. Very suitable is a process as described 
in British Patent Specification No. 1,353,873, 
and the pertinent portions of that reference 
as regards the reaction conditions and oligo- 

15 merization catalysts are incorporated in and 
made part of this specification for the purpose 
of describing this process in more detail. 

Although some branching of the alkenes 
present in the starting mixtures can be toler- 

20 ated it is preferred to use mixtures substan- 
tially consisting of linear alkenes. 

In carrying out the process of the present 
invention the alkene(s) with at least 6 carbon 
atoms per molecule can be separated from the 

25 product of the disproportionation stage (1) 
and thereafter isomerised, and^ after admixture 
with one or more non-terminal (i.e. internal) 
alkenes with a larger niunber of carbon atoms 
than the alkene or alkene mixture to be pro- 

30 duced, which non-terminal alkenes can be de- 
rived from any desired source, subjected to the 
further dispropordonation of stage (3). How- 
ever, savings are usually obtained, especially 
as regards separation equipment^ if at least 

35 part of die total product obtained in the dis- 
proportionation stage (1) is directly subject 
to double-bond isomerization. Accordingly, the 
latter procedure is generally preferred. 
For similar reasons it is preferred to subject 

40 die total product obtained in the double- 
bond isomerisadon of stage (2) to the dis- 
proportionation treatment stage (3) in admix- 
ture with said one or more non-tenninai 
alkenes. It will be understood that small 

45 streams, such as heavy materials, can be re- 
moved from the process, as so-called bleed 
streams, between stages (1) and (2) and 
stages (2) and (3). 

According to a preferred embodiment of 

50 the present process at l^st part of the total 
product obtained from the dispropordonation 
stage (3) is subjected to a further double- 
bond isomerization and a further dispropor- 
donation prior to the removal of the desired 

55 alkene or alkene mixture. It has been observed 
that this frequently results in a still higher 
yield of the alkene(s) to be produced. If 
desired, more such sequences, each compris- 
ing a double-bond isomerization followed by 

60 disproponionation, may be added, but as a 
rule this will not result in significant further 
improvements. 

The double-bond isomerization of alkenes 
is old per se in the art and many catalysts 
65 are known which have proved satisfactory for 



that purpose. In this connection reference 
made to F. Asinger, "Monoolefins Chemisti 
and Technology"' pages 1020—1104 (English 
edition 1968), "International Journal of 
Metiiods in Syndieuc Organic Chemistry'*, 
Part I in No. 3 pages 97 — 112, November, 

1969, and Part II pages 405 — 430, August, 

1970, and H. Dunning "Review of Olefin 
Isomerization", Industrial and Engineering 
Chemistry 4S (1953), page 551 ff. 

In view of their high catalytic activity per- 
mitting the use of relatively low isomerization 
temperatures, supported basic alkali-metal 
compounds are preferred isomerization cata- 
lysts, and among these in particular basic salts 
of potassium supported on an active alumina 
such as gamma- or eta alumina. Moreover, 
the regenerability of diese catalysts is good. 
The use of potassium carbonate supported 
on gamma-alumina is most preferred. In this 
connection reference is made to die specifica- 
tion of British Patent Application 33782/73 
(Serial No 1392909) and the pertinent por- 
tions of that reference as regards the condi- 
tions for catalyst activation and isomerization 
reaction are incorporated in and made part of 
this specification for the piopose of describing 
this process in more detail. 

The disproportionation of alkenes as used 
in the process according to the invention has 
likewise been described in various publications. 
Besides US Patent Specification 3,726,938 
already mentioned above, reference is made 
to a review article by G. C. Bailey in "Cata- 
lytic Reviews" ^ (1), pages 37—60 (1969). 

Reconmiended catalysts include supported 
molybdenum oxide^ tungsten oxide supported 
on silica and rhenium heptoxide supported on 
alumina. The use of rhenium oxide-containing 
catalysts Is not always satisfactory since these 
catal3r5ts, unless appUed at very low tempera- 
tures> also promote the formation of skeleton 
isomers. This phenomenon is not or hardly 
observed when molybdenum oxide-containing 
catalysts are applied. Moreover in the presence 
of die latter catalysts, also the disproportiona- 
tion of the higher alkenes, e.g. diose having 
more than 25 carbon atoms per molecule, pro- 
ceeds at higjh rate. Most preferred is a catalyst 
system comprising molybdenum oxide, pro- 
moted by cobalt oxide, on an aluminiimi 
oxide support 

In order to ensure an easy recovery of die 
various process streams it is generally recom- 
mended to use soUd catalysts, albeit that in 
the final disproportionation treatment applica- 
tion of a homogeneous catalyst might be con- 
sidered. 

An advantage of the process according to 
the invention is that, by a proper selection 
of the catalysts, in the double-bond isomeriza- 
tion and disproportionation treatments the 
same or substantially the same reaction tem- 
peratures may be applied so that no inter- 
mediate heating or cooling is required. With 
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potassium carbonate on alumma as isomenza- 
tion catalyst and moli-bdenum oxide/cobalt 
oxide/alumina as disproportionaoon catalyst 
oreferred reaction temperatures are in the 
5 We 60 to 250»C. An additional advantage 
inherent in the use of these ca^ysts is that 
their activation can be perfonned under idot- 
Seal or nearly identical condition^ Very 
favourable is an activation, perfonned m ti^e 
10 oresence of nitrogen at temperatures m the 
range 350 to 700»C, in particular between 
SOOandeOCC. 

The double-bond isomenzation and Ois- 
proportionation stages may be carried out m& 
1 5 die use of fluidized or fixed bed catalysts. The 
fixed beds may be operated at any desired 
mutual distance. However, it is preferred that 
no acmal admixture of isomerizaaon and *s- 
proportionation catalysts takes place, since this 
20 woidd adversely aflect the flexibJi^ of the 
process e.g. replacement of deartivated catalyst 
mteriaL According to a preferred onbodi- 
ment of the process consecutive double-bond 
isomcrisation and disproportionation stages are 
25 performed in at least two contiguous fixed 
b^ds of catalyst providing, respectively, for 
said isomcrisation and disproportionaoon. 

From the product obtained m die final dis- 
propordonation stage one or more all^ene frac- 
30 dons may be recovered, preferably m die Q 
-C. range. Depending on die initial feed- 
stock and the prevailing process conditions, 
the formaition of alkenes in a paracdar range 
is facilitattd, e.g. in die Cg— C12, 1-10—^14 

35 or Ci4— Ci, range. • r _r 

The production of alkenes m the U, — ^it 
range is especially favoured, mainly becai^e 
of dicir importance as stamng material for 
biodegradable syndietic detergents, dienural 

40 and light-resistent alkyl resms and odier pro- 
duas. The higjier alltenes m the ^» 
range are also useful for die preparaoon ot 
lubricating oil additives. 
The process of die present invention is 

45 further illustrated by die foUo^^i^'g/Z^^^P^ff' 
in which Example III is mduded for com- 
parative purposes: 



EXAMPLE I. 
In order to demonstrate die effea achieved 
50 by die process according to die invention, an 
experimem was performed in whrdi d-— C,., 
alkenes were produced starting from a feed- 



stock consirJng of admixed n-octene and n- 
elcosene. It will be understood diat normally 
the feedstodcs utilized in commercial pracoce 
wiU be of a more complex nature. 

The isomerization catalyst was prq>ared as 
foUows: Gamma-alumina (spec, surface area 
350 mVg, pore volume 0.42 ml/g) in the 
form of 0.5—1.0 mm spheres was heated in 
air at 500°C for 2 hours and dien mixed with 
a measured amount of an aq"eou^,f>'«"'>" °! 
potassium carbonate, sufficient to fill die pores 
of die alumina widi liquid. The almiuna dius 
impregnated was dried in air for 3 hours at 
120OC. and at 0.033 bar abs After acuvation 
the catalyst contained 3.6 
per erani of alumina and, calculated on total 
wmposidon, 0.7%w of sodium compounds 
calcdated as Na,0, 0.02%w of silicon coni- 
^unds, calculated as SiO, and O.025%w of 
iron compounds, calculated as Fe^Os. 

A commercially available disproportionaaon 
catalyst was applied (spec, surface ar^ 255 
mVE pore vdume 0.54 ml/g, bullc density 
0.52 g/cm»). consisting of ^^^f ^f^." 
dates (diameter 1.6 mm, lengdi 4.8 nun). Its 
composition was, calculated on fl"^^' 
15.7%w MoOs. 3.0%w 90, 0.37%w sul- 
phur compounds calculated as sulphate and 
0.02 %w sodium compounds, calculated as 

^^Botii catalysts were activattd for 16 hours 
at 575 "C in a stream of nitrogen 
(2 7 1 h~^g~' catalyst). 

The feed, an initial mixture of 1-octene and 
1-eiccsene (molar ratio 4:1), was introduced 
into a cylindrical tube widi a drameter of 1 
cm which contained four contiguous fixed 
beds, die first and diird being isomerizaoon 
beds, die second and die fourth bemg dis- 
proportionaoon beds, taken in die flow direc- 
tion. Each bed contained 4 grams of catalyst 
In die first bed die l-aHcenes were isomerized 
into a mixture of non-terminal octenes and 
eicosenes, which mixnire was subjeaed to dis- 
proportionation in the second bed- The pro- 
duct mixture now containing, inter alia, U,— 
C, alkenes was subjected to double-bond 
isomerization in die tiiird fixed bed and sub- 
sequentiy, in die fourth bed, to a secwid dis- 
proportionarion. From die effluent thus ob- 
iaincd die C.»— Cu fraction was recovered. 

Results and further reaction conditions are 
given in the following Table: 
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portionation treatment and no second dispro- 
portionation was performed. The results are 
included in the above Table. 

WHAT WE CLAIM IS:— 

5 LA process for the production of an alkene 
with at least 6 carbon atoms per molecule or 
a mixture of such alkenes, which comprises 
(\) catalytically disproporuonating a mixture 
of predominantly non- terminal alkenes which 

10 mixture includes a major proportion of an 
alkene or alkenes having a larger number of 
carbon atoms than the alkene(s) to be pro- 
duced and, optionally, an alkene or alkenes 
having a smaller number of carbon atoms than 

15 said alkene or alkenes, (2) isomerising at 
least part of the resulting disproportionation 
product, which pan of said product contains 
an alkene or alkenes with the same number 
of carbon atoms as the alkene with at least 

20 6 carbon atoms per molecule or mixture 
thereof to be produced, (3) catalytically dis- 
proporrionating at least part of die resulting 
isomerisation product together with at least 
one non-terminal alkene with a larger number 

25 of carbon atoms than the alkene with at least 
6 carbon atoms per molecule or mixture 
thereof to be produced, said at least one non- 
terminal alkene being added to said isomeriza- 
tion product and/or being present therein as 

30 a result of being present in the disproportiona- 
tion product of stage (1), and (4) removing 
the desired alkene or alkene mixture from the 
product of stage (3). 

2. A process as claimed in claim 1, in 
35 which any alkene (s) having a smaller number 

of carbon atoms than the alkene with at least 
6 carbon atoms per molecule or mixture 
thereof to be produced which may be present 
in said isomerisation product are removed 
40 therefrom prior to the disproportionation 
thereof in stage (3). 

3. A process as claimed in claim 1 or claim 
2, in which a mixture of predominantly non- 
terminal C4 — Q„ alkenes is fed to stage (1). 

45 4. A process as claimed in any one of 
daims 1 to 3, in which a mixture of alkenes 
obtained by oligomerizanon of ethylene fol- 
lowed by double bond isomerization of the 
oligomerization product or a fraction thereof 

50 is fed to stage (1). 

5. A process as claimed in any one of 
claims 1 — 4, in which the total product ob- 



tained in the disproportionation stage (1) is 
fed to said isomerization stage (2). 

6. A process as claimed in any one of 
claims 1 — 5, in which at least pan of the total 
product from the disproportionation stage (3) 
is subjected to a furriier double-bond isomeri- 
zation and a further disproportionation prior 
to the removal of the desired alkene or alkene 
mixture. 

7. A process as claimed in any one of daims 
1—6, in which one or more alkene fractions 
in the C,— C2, range are recovered fnmi the 
produa from the last disproportionation. 

8. A process as daimed in claim 7, in 
which Qi— Ci^ alkene fraction is so recovered. 

9. A process as daimed in any one of 
daims 1—8, in which the disprporrionation 
caitalyst comprises an oxide of molybdenum 
and of cobalt, supported on alumina. 

10. A process as claimed in any of daims 
1 9, in which the isomerization catalyst com- 
prises a basic salt of potassium supported on 
active alumina. 

11. A process as claimed in any one of 
claims 1 — 10, in which the isomerization and/ 
i>r disproportionation cataljrsts have been acti- 
vated by a heat treatment in the presence of 
nitrogea 

12. A process as claimed in any one of 
daims 1 — 11, in which consecutive isomeriza- 
tion and disproportionation stages are effected 
in at least two contiguous fixed beds of catalyst 
providing respectively for double-bond iso- 
merization and disproportionation. 

13. A process as daimed in any one of 
claims 9 — 12, in which said double-bond iso- 
merization (s) and said disproportionations are 
performed at a temperature in the range 60 
to 250° C. 

14. A process for the production of an 
alkene with at least 6 carbon atoms per mole- 
cule or a mixture thereof substantially as 
hereinbefore described with reference to 
Example I or Example II. 

15. An alkenes wii at least 6 carbon atoms 
per molecule or a mixture thereof prepared 
by the process daimed in any one of claims 
1—14. 

ROY C ROGERS, 
Chartered Patent Agent, 
Shdl Centre, London, SEl 7NA. 
Agent for the Applicants. 
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